We discuss how CP violation generating lepton number asymmetry can be related to CP violation in low energy.
Introduction
CP violation at low energy is observed in K and B system. In the future neutrino oscillation experiments , CP asymmetry of the neutrino oscillations P (ν i → ν j ) = P (ν i →ν j ) may be also measured. Our question is how low energy CP violation measurements are related to CP violation for Baryon number asymmetry. Fukugita and Yanagida proposed a scenario for Baryon number asymmetry based on the seesaw model. [1] In their scenario, heavy Majorana neutrinos decays give rise to lepton number asymmetry. The asymmetry is converted into Baryon number through spharelon process. [2] In this scenario, CP violating phases in the seesaw model contribute to both CP violation at low energy and CP violation for lepton number asymmetry. However, this correlation is not trivial. This is partly because there are six independent CP violating phases in the seesaw model and the low energy CP violating observables are just three phases of them. It can be shown that three of the six CP violating sources may contribute to the lepton number asymmetry. [3] We can ask the following question. If CP asymmetry of the neutrino oscillations P (ν i → ν j ) = P (ν i →ν j ) is measured, what does it mean about CP violation for leptogenesis. To answer to this question, we must first identify the number of the independent CP violating phases and find which of them contributes to leptogenesis and to neutrino oscillations. The plan of my talk is following. We first review the counting of CP phases in the minimal seesaw model and explicitly construct a parameterization. Then we identify the phases in leptogenesis and CP violation in low energy. Finally we give a specific scenario in which both CP violating phenomena has a correlation.
The number of independent CP violating phases in the minimal seesaw model
In the seesaw model, we have three sources for lepton mass terms; namely, Charged Lepton Yukawa couplings m l , neutrino Yukawa couplings, m D and Majorana mass terms M R .
By using a suitable basis transformation, we can choose the basis in which m l and M R are real diagonal. In this basis all the CP violation is included into Dirac Yukawa term m D . m D is n g × n g complex matrix, this contains n g 2 imaginary part. We can still absorb n g phases. Therefore we obtain n g 2 − n g independent CP violating phases. For n g = 3, we have six CP violation phases. These six CP violating sources are identified in weak basis invariant way. [4] The weak basis invariants are non-zero if CP is violated. The six weak basis invariants are given as:
where
CP violating phases for leptogenesis
CP violation for leptogenesis was computed in the base in which the heavy Majorana mass matrix M R is real diagonal. The lepton number asymmetry from the heavy Majorana particles decay is proportional to the following combination.
This combination is independent of the left-
Therefore it is convenient to use the following parametrization.
where U is a unitary matrix and Y ∆ is a triangular matrix. The explicit parametrization for the unitary matrix is given as:
The triangular matrix is given as;
Note that the diagonal elements Y 1 , Y 2 , and Y 3 are real. We can easily confirm the decomposition m D = U Y ∆ counts correctly the independent parameters of m D . m D (after removing three diagonal phases from the left) has 6 imaginary parameters and 9 real parameters. Y ∆ has 3 imaginary parts and 6 real parts and U has 3 angles and 3 phases. Using the decomposition, we can write the CP violation relevant for leptogenesis as,
Therefore, CP violation phases for leptogenesis are related to three phases, argY ij in Y ∆ .
The correlation between CP violation at low energy and leptogenesis
Now we turn to CP violation in neutrino oscillation. The effective mass matrix for light Majorana neutrinos in the seesaw model is given as;
Here the MNS matrix [6] K is determined as:
where 
To study the correlation between the low energy phases in K and phases for leptogenesis Y ∆ , let us examine the equation for diagonalization of the effective Majorana mass matrix,
We can see that, in general, K depends on the Y ∆ . Next we ask in what kind of situation, the correlation between a set of low energy phases (δ, α 1 , α 2 ) and CP violating phases for leptogenesis (arg.Y 21 , arg.Y 31 , argY 32 ) is weak and/or strong. A key is the matrix
A) The case that the correlation is weak.
If
∆ are nearly diagonal, the neutrino mixings must be accounted by U . Therefore, in this case,
Such situation may be realized if all Y ij are the same order and
If this is the case, the correlation between the low energy phase and CP violation for leptogenesis may be weak. [3] B) The case that the correlation is strong. 
MNS matrix
Therefore, in general, the CP violating phases in K are sensitive for leptogenesis. We discuss how CP violation generating lepton number asymmetry can be related to CP violation in low energy.
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